We use all the published data in radio, optical and X-ray bands to analysis and model afterglows of GW/GRB 170817A. Our analysis is based on a phenomenological gammaray burst generator model which we previously used to study the prompt gamma-ray emission of this important transient. The data is fit with a 3-component model. Taking into account relativistic beaming, we interpret the model as approximately presenting the profile of a relativistic structured jet with a rapidly declining Lorentz from our line of sight, where it is ultra-relativistic, to outer boundaries where it becomes a mildly relativistic cocoon with a Lorentz factor of " 1.2. The ultra-relativistic core of the jet has a Lorentz factor of Á 100, which is consistent with properties of the jet obtained from the prompt gamma-ray. This shows that after prompt internal shocks the remnant of the jet retains, in some extend, its internal collimation and coherence. According to this model slow rise of afterglows is associated to low column density of the jet when external shocks began, and to low density of circum-burst material and its long distance from the merger. The latter caused thinning of the jet through expansion and energy dissipation. We discuss consequences of these observations for origin and physical properties of circum-burst material around Binary Neutron Stars (BNS). The model also confirms our previous analysis, which showed that an outflow with a Lorentz factor of " 2´5 cannot explain the afterglows without an additional X-ray source or significant absorption of optical/IR photons.
INTRODUCTION
There is no general consensus about physics behind the unusual afterglows of the short GRB 170817A -the electromagnetic counterpart of the first detected Gravitational Wave (GW) from merger of a BNS (LIGO, et al. 2017a,b) . This burst can be singled out by the faintness of its prompt gamma-ray and early X-ray afterglow, and its later brightening leading to the detection of a X-ray counterpart only after " T`10 days (Troja, et al. 2017; Evans, et al. 2017) , where T is the trigger time of the Fermi-GBM (Dingus 1995) and Integral-SPI-ACS (Winkler, et al. 2003 ) about 2 sec after the chirp of the GW from the merger (Goldstein, et al. 2017; Savchenko, et al. 2017) .
The initial interpretation of these observations was off-axis view of an otherwise ordinary short GRB Troja, et al. 2017; Murguia-Berthier, et al. 2017; Alexander, et al. 2017) .
Another popular explanation was emission from break out of a cocoon -a mildly relativistic ejecta with a Lorentz factor Γ " 2´3 (Kasliwal, et al. 2017a; Gottlieb, et al. 2017; Hallinan, et al. 2017; Nakar, et al. 2018; Piro & Kollmeier 2017) . However, the decline of flux in all 3 observed energy bands, i.e. radio (Mooley, et al. 2017; Dobie, et al. 2018; Alexander, et al. 2018; Mooley, et al. 2017 Mooley, et al. , 2018b , optical (Lyman, et al. 2018; Rossi, et al. 2018; Lamb, et al. 2018) , and X-ray Hajela, et al. 2018; Troja, et al. 2018; D'Avanzo, et al. 2018; Nynka, et al. 2018; Haggard, et al. 2018 ) after Á T`200 days is much earlier than the prediction of a fully off-axis jet (Lazzati, et al. 2016 ) (see also earlier versions of ), or a cocoon/jet break out (Kasliwal, et al. 2017a; Gottlieb, et al. 2017; Mooley, et al. 2017) .
Gradually it became clear that the presence of a highly relativistic component in the outflow at late times is inevitable. For instance, using MHD simulations of (Duffell & MacFadyen 2013; Duffell, et al. 2015) for determining characteristics of the BNS merger outflow and asymptotic formulation of external shocks and synchrotron emission by (Sari et al. 1998) for fitting the afterglows, found that an outflow with a narrow relativistic core having a Lorentz factor of " 100 and a sheath/side lob with a Lorentz factor of Γ " 3´10, where our line of sight passes through it at an angle of " 20˝, can explain observations up to À 140 days. Following the detection of superluminal motion of the radio afterglow due to a viewing angle θ v " 20˝of its source, (Mooley, et al. 2018a ) concluded Γ " 4 for the outflow at " 230 days and estimated an initial Lorentz factor of " 10 for the jet at the time of prompt gamma-ray. In a further work (Mooley, et al. 2018b ) ruled out the cocoon/jet break out model suggested by some of these authors in their previous works and fit the spectrum with a ‹ Email: houriziaeepour@gmail.com Properties of jet and surrounding material of GW/GRB 170817A 3 phenomenological non-linear 2-component broken power-law expression (Beuermann, et al. 1999) , in contrast to a simple power-law used in (Mooley, et al. 2017; . Finally, using all the observations in radio, optical/IR and X-ray during the first year after the merger event, (Lamb, et al. 2018) found that data can be fit by a 2-component jet model consisting of an ultra-relativistic component with Γ Á 100 and a relativistic component with Γ " 5.
In (Ziaeepour 2018b) we used a phenomenological shock and synchrotron emission model to show that an outflow with a Lorentz factor of " 2´3 underestimates X-ray flux. The same phenomenological formulation was used in (Ziaeepour 2018a) to model the prompt gamma-ray emission of GW/GRB 170817A. The range of Lorentz factor studied in (Ziaeepour 2018b) is the same as those employed in the early literature on this burst -specially those associating the unusual afterglows to a mildly relativistic cocoon 1 . Our study was based on the assumption that at t ą T`10 days, i.e. well after internal shocks, the weak ultra-relativistic jet responsible for the faint prompt gamma-ray burst had dissipated its energy and its Lorentz factor had to be much smaller than Γ " 10´100 concluded in (Ziaeepour 2018a) . The observed deficiency of X-ray with respect to optical and radio concluded from simulations with relatively low Lorentz factor in (Ziaeepour 2018b) implied either an additional source of X-ray, for example a contribution from the decay of radioactive elements produced by the kilonova, or a significant absorption of optical photons.
In the present work we use the same phenomenological model as the one employed in (Ziaeepour 2018a,b) , but we drop the assumption of a dissipated jet. We show that a multi-component model, including both ultra-relativistic and mildly relativistic components, can explain all the data. The components of the model approximately present angular profiles of density and Lorentz factor of the polar ejecta from the BNS merger and its evolution. We use this model and properties of circum-burst material to investigate reasons behind the late brightening of the afterglows.
In Sec. 2 we describe the model and compare it with afterglows models of GW/GRB 170817A in the literature. Interpretation of the 3-component model is discussed in Sec. 3. Our results are summarized in Sec. 4.
The phenomenological model of relativistic shocks and synchrotron-self-Compton emission of (Ziaeepour 2009; Ziaeepour & Gardner 2011) used in the present work is reviewed in (Ziaeepour 2018a,b) and we do not repeat it here. For the sake self-sufficiency definition of parameters of the model are given in Table A1 . It is however important to remind that there is a significant difference between our approach, in which a synthetic burst is generated for a set of input parameters characterizing the jet and its surrounding, and modelling of afterglows according to asymptotic power-low behaviour light curves and spectra based on the original calculations of general aspects of synchrotron emission from external shocks by (Sari et al. 1998) . Notably, in our approach simulated bursts depend explicitly on distance and column density of the jet and thereby give an assessment of these quantities. Although analysis of GW/GRB170817A afterglows e.g. by Alexander, et al. 2018; Hotokezaka, et al. 2018 ) are based on jet characteristics obtained from MHD simulations, synchrotron emission is calculated according to the asymptotic formulation of (Sari et al. 1998) , which estimates power-low behaviour of afterglows in a given energy band by comparing it with characteristic and cooling frequencies of accelerated electrons. But backreaction of shocks and energy dissipation is not explicit. Evidently, the model used here is also phenomenological and an approximation because initial properties of the jet are chosen by hand. Nonetheless, it takes into account in a systematic manner backreaction and evolution of physical properties important for the synchrotron/self-Compton emission. Moreover, it is applicable to both internal (Ziaeepour & Gardner 2011; Ziaeepour 2018a ) and external shocks, and thereby allows to compare parameters obtained from the two types of emission in the same framework and verify their consistency.
Due to large number of parameters in the model it is not possible to perform a systematic search for their best values. Nonetheless, despite their apparently arbitrariness, physically acceptable values are not completely random. The distance of external shocks from central source is determined by wind nebula surrounding progenitor neutron stars and its termination shock. In pulsars wind nebula extends to " 10 15´1 0 17 cm (Chatterjee & Cordes 2004; Slane 2017; Posselt, et al. 2018) . But its dependence on the properties of neutron stars and their evolution is not well understood. Our simulations show that an initial distance of " 10 16 cm, which is in the logarithmic middle of the range given here, leads to acceptable fit to the GW/GRB 170817A data.
The density of circum-burst material on which the jet/outflow is shocked has a lower limit corresponding to the ISM density À 0.04 cm´3 of the host, concluded from the absence of significant 
‹ Each data line corresponds to one simulated regime, during which quantities listed here remain constant or evolve dynamically according to fixed rules. A full simulation of a burst usually includes multiple regimes (at least two).
‹ Horizontal black lines separate time intervals (regimes) of independent simulations identified by the label shown in the first column. ‹ A dash as value for a parameter presents one of the following cases: it is irrelevant for the model; it is evolved from its initial value according to an evolution equations described in (Ziaeepour 2009; Ziaeepour & Gardner 2011) ; it is kept constant during all regimes.
neutral hydrogen in NGC 4993 (Hallinan, et al. 2017) . The spectrum of accelerated electrons in the shock is also fairly constrained to " 2 (Spitkovsky 2008). We did not consider any external magnetic field in the simulations presented here. Other parameters define geometry of the ejecta and surrounding material and are adjusted by try and error to fit the data as good as possible.
We find that a 3-component model consisting of a diluted ultra-relativistic jet with Γ " Op100q, a relativistic outflow with Γ " Op10q and a mildly relativistic outflow/cocoon with Γ´1 " Op0.1q
can best explain the observations in radio, optical, and X-ray bands. Parameters of the model for these components are listed in Table 1 . We again remind that because the parameter space is not systematically searched, values of parameters for the best model given here should be treated as order of magnitude estimations. For this reason we do not provide any uncertainty for them. We notice that X-ray and radio light curves have much better fit to data than optical. This is most probably due to the fact that the simulated optical band is much wider than SDSS-r and HST-F W 606 bands in which optical data is obtained. A better assessment of the performance of the model can be done by comparing simulated spectrum with the photometric spectrum reconstructed from observations shown in Fig. 2 -a. In addition to good correspondence of the simulated spectrum with data in Fig. 2 -b & c we notice spectral evolution of late afterglows from their earliest observations at " T`10 days, when the spectrum was soft; its hardening at the peak of emissions around T`110 days and further up to T`217 days, despite declining flux; and finally its flatness/softening at later times.
Thus, the afterglow spectrum has the same behaviour as X-ray afterglow of most GRBs, but in much extended time and with smaller variation amplitude. Crosses present observations at different times in radio, optical/IR, and X-ray, optical and radio bands. When data for a time interval was not available an interpolation has been used. The width of crosses presents the width of the corresponding filter and are much larger than observational uncertainties. The upper limit at E " 16´50 keV is from the Swift-BAT survey data (Krimm 2018) . To generate a pseudo-spectrum from flux measurements, we have normalized data such that X-ray at T`217 days become equal to maximum of simulated spectrum in the simulated energy interval. b): Spectrum of energy flux. The lines connecting the data points are added to facilitate the illustration of spectral variation. Similar to a) plot width of crosses presents filler width. c): Hardness defined as ratio of X-ray energy flux to total energy flux in radio, optical/IR, and X-ray. Vertical bars are 1´σ errors.
As we described in the Introduction, some other authors have also modelled late afterglows of GW/GRB 170817A by multiple components. For instance, ) consider a structured jet with a top-hat ultra-relativistic component with Γ " 100 in the inner θ À 9˝, where θ is angle with respect to symmetry axis of outflow, and a relativistic flow which its Lorentz factor decreases in the angular interval 10˝À θ À 60˝and has a mean Γ " 10.
The authors consider a line of sight angle θ v " 20˝from the jet axis. This model is very similar to the model described in the latest version of . But Lorentz factor and energy profile of the jet in the two works are different. (Lamb, et al. 2018) consider two profiles for the jet, one similar to 2-component model of Alexander, et al. 2018 ). Their second model assumes a jet with Gaussian energy and Lorentz factor profiles. Both models find a small central/core angle of À 5˝. In the 2-component model high and low Lorentz factors are " 100 and " 5, respectively. However, in the Gaussian model on-axis Lorentz factor can be as large as Á 900.
The phenomenological function fitted by (Mooley, et al. 2018b ) on the light curves has effectively two coupled components, which a priory can be related to their Lorentz factor and density profiles.
However, its complicated and non-linear form makes any physical interpretation difficult.
We remind that asymptotic behaviour of external shock emission formulated in (Sari et al. 1998), which is used in all the works cited here considers a uniform spherical ejecta. Therefore, conclusions about viewing angle of the jet is based on the value of Lorentz factor and beaming of emissions from a relativistic source (Rybicki & Lightman 2004) : ( 1) where P e and P r are emitted and received power in the observer frame, and θ is the angle between the line of light and the boost direction.
INTERPRETATION

Origin of ultra-relativistic component
In what concerns the Lorentz factor of the ultra-relativistic component of our model and similar models in the literature, they are consistent with analysis of (Ziaeepour 2018a). Indeed, modelling of the prompt gamma-ray emission of GW/GRB 170817A shows that the best estimation for the Lorentz factor of the jet at the end of main gamma-ray spike is " 100.
A priory it is not expected that a relativistic jet preserves its Lorentz factor during propagation from the site of internal shocks, which in the case of GW/GRB 170817A was at Op1qˆ10 10 cm from merger, up to its collision with the ISM or circum-burst material at Op1qˆ10 16 cm, in which afterglows are generated. Weaker internal shocks and cooling of shocked material may dissipate the kinetic energy and decelerate the jet. Indeed, weak gamma-ray and X-ray spikes and continuous emission are observed in both long (Willingale, et al. 2006 ) and short bursts (Montanari, et al. 2005; Norris, et al. 2010) . They are interpreted as emission from internal shock of side lobs -high-latitude -regions of the jet (Takami, et al. 2007) or weaker internal shocks (Willingale, et al. 2006; Ziaeepour & Gardner 2011) . However, simulations presented here and other simulations discussed in Sec. 2.1 are evidence that despite energy loss, a fraction of ultra-relativistic jet survives without significant dissipation.
Comparing the column density of ultra-relativistic component in Table 1 with the initial column density of the jet before internal shocks reported in (Ziaeepour 2018a) shows that it is " 200 folds less than what it was pre-prompt emission. Assuming that dissipation of the second fainter and softer prompt spike 2 corresponds to relativistic component C2 listed in Table 1 , we again observe that its column density is " 5 times lower and its Lorentz factor is decreased by " 6 folds 3 .
If the jet were an adiabatically expanding cone, its column density had to decline by a factor of " pr i {r e q´2 " 10 12 where r i and r e are distance from center when internal and external shocks occurred, respectively. The much smaller dilatation factors we find for the 3-component model means that the material inside the jet had an internal coherence and collimation -most probably through imprinted electric and magnetic fields in the plasma -and its geometry and expansion were closer to a boosted cylinder rather than an adiabatic cone. Nonetheless, reduction of column density shows that energy dissipation and loss of internal coherence had indeed occurred and led to perpendicular expansion, and thereby thinning of the jet and reduction of its Lorentz factor, specially in the outer boundary 2 There are claims of a thermal spectrum for the second spike of GW/GRB 170817A in the literature. However, the Fermi-GBM spectrum of this spike includes only 2 data points in 30´40 keV and 40´50 keV channels (Goldstein, et al. 2017) . For other energies only upper limits are available. Therefore, it is impossible to make any conclusion about the nature of the spectrum. By contrast, a synchrotron emission from internal shocks with a Lorentz factor of " 30 fits well the light curve of this spike (Ziaeepour 2018a ).
3 Evidently, there is no proof for direct relation between C2 model and the second spike in the prompt gamma-ray, because time resolution of late observations does not allow to discriminate between afterglows of different density shells. Nonetheless, it is reasonable to presume that late time slower component include contribution from slower and more easily dissipatable part of the prompt outflow.
Properties of jet and surrounding material of GW/GRB 170817A 9 region. Therefore, our assumption about dissipation of the ultra-relativistic jet in (Ziaeepour 2018b) was justified. On the other hand, thanks to long and extended follow up of this transient, for the first time we are clearly detecting the tiny remnant of the ultra-relativistic core of the jet in a short GRB and can distinguish its signature from slower part of the polar outflow of BNS merger.
Jet profile and viewing angle
Since the observation of unusually faint prompt gamma-ray of GRB 170817A, understanding the underlying physics has been the subject of significant debate. Specifically, the line of sight of the ejecta had a central role in the proposed explanations.
Observation of gravitational waves led to an estimation for orbital inclination angle 18˝À θ in À 27˝ (Mandel 2018) . Moreover, observation of superluminal motion of radio afterglow estimated an off-axis angle of " 20˝˘5˝ (Mooley, et al. 2018a ) with respect to line of sight for its source. Giving the fact that synchrotron emission is highly directional and emission from a relativistic source is beamed, off-axis view of the jet has significant consequences for observations. For instance, assuming a uniform Lorentz factor across the emission surface, a far observer receives oblique radiation only from a cone with half angle θ " arcsinp1{Γq. Therefore, if the jet is structured, radiation received by an off-axis observer would be from jet's slower wings, and thereby dominated by photons with lower energies, because they would be produced by weaker and less boosted shocks in the jet's high latitude (boundary) region. Defining maximum visibility angle θ max " arcsinp1{Γq, its value for components C1, C2, and C3 of the model listed in Table 1 are " 0.6˝, 12˝, 65˝, respectively. Simulations of particle acceleration by transfer of Poynting to kinetic energy in the polar outflow of mergers show that the direction of maximum acceleration somehow deviates from the rotation and magnetic field axes (Komissarov, et al. 2009 ). Thus, using the estimation of inclination angle, the angle between our line of sight and direction of maximum Lorentz factor θ v can be constrained as
The knowledge of angle between outer boundary of outflow with the line of sight and orbital inclination is not enough for constraining Lorentz factor profile up to its invisible core of the jet. Nonetheless, the sharp reduction of Lorentz factor from approximately along the line sight -component C1 in Table 1 -up to " 20˝, i.e. component C3 means that the visible part of the jet has an exponential Γ " Γ 0 expp´θ{θ 0 q or a Gaussian Γ " Γ 0 expp´θ 2 {2σ 2 θ q profile, where all angles are with respect to line of sight. Using Lorentz factors in the model and θ c 3 « 20˝, we find θ 0 " 5˝and σ θ " 7˝for exponential and Gaussian profiles, respectively. Assuming θ v " 15˝, which is roughly in the middle of the range given above, we find θ 0 " 4.2˝and Γ 0 " 4600 for an exponential profile centered on the maximum of Lorentz factor. For a Gaussian profile centered on the same point we find σ θ " 10a nd Γ 0 " 370. The value of Γ 0 for the exponential profile seems unrealistically large. By contrast, Gaussian profile has a physically plausible value. However, if θ v is only a few degrees, Γ 0 Á 130 for both profiles and it would not be possible to discriminate them. In any case, both Γ 0 Á 130 and Γ 0 " 370 are much smaller than estimated Lorentz factor from simulations of more typical short Properties of jet and surrounding material of GW/GRB 170817A 11 GRBs (Ziaeepour & Gardner 2011) . Consequences of these observations for the progenitor neutron stars are discussed in (Ziaeepour 2018a) The 3-component model provides also information about density profile of the jet. Indeed in agreement with simulations of jet acceleration to ultra-relativistic velocities (Komissarov, et al. 2009 ), the density in the core of the accelerated jet, where Lorentz factor is maximum, is much lower than its surrounding. Moreover, as described earlier, at the time of external shocks the jet had been already subjected to partial dissipation. Thus, a large fraction of its content were scattered, slowed down, and acquired significant momentum in the direction perpendicular to the boost. These processes should make side lobs -the cocoon -slower and denser, and increase gradient of variation in the outflow. These expectations are consistent with the model presented here. In addition, fraction of kinetic energy of the jet transferred to electric and magnetic fields during shocks in outer boundary of the outflow are expected to be smaller. C3 component which is only mildly relativistic satisfies these expectations. However, Table 1 shows that the distance of this component from the center at the onset of external shocks is " 50% larger than the other components of the model. This may have multiple origins. Approximations applied to the model of (Ziaeepour 2009; Ziaeepour & Gardner 2011 ) are mostly valid for relativistic jets. Therefore, uncertainty of parameters found for C3 are larger than other components. Another reason may be the fact that giving its small velocity, it took longer for this component to develop a significant shock.
As a final evidence for confirmation of the model and its interpretation, we notice that direct observation of a cocoon in the long GRB 171205A and its associated supernova SN2017uk (Izzo, et al. 2017) show that the cocoon has a Lorentz factor similar to C3 component of the model discussed here.
Delayed brightening
A significant difference between the afterglow of GW/GRB 170817A and other short bursts is its seemingly intrinsic faintness at early times, i.e. at Á T`10 5 sec, when X-ray and optical follow up began, and its brightening at late times. However, none of these conclusions are certain. As we argued in (Ziaeepour 2018a), many short GRBs, even those at small redshifts, have an X-ray flux lower than the upper limit obtained from observations of the Swift-XRT at Á T`1.6 days (Evans, et al. 2017) .
Late brightening of the afterglow of GW/GRB 170817A is not unique either. For instance, a slight brightening may have been observed at " T`10 days for GRB 130603B and its accompanying Off-axis angle of radio afterglow ~20 º Observer Merger Jet axis (Maximun Γ)
Orbit inclination from GW (Ligo-Virgo) 18° ≤ θ in ≤ 27°F igure 3. Schematic description of polar outflow of merger at the time of its encounter with circum-burst material. C1, C2, C3 refer to components of the simulated model. Grey shaded region on the opposite side of the jet with respect to observer's line of sight is approximately invisible because of its large Lorentz factor and off-axis angle. Nonetheless, C'3 region which has even larger off-axis may be visible if its Lorentz factor is sufficiently low. Therefore, there can be a contribution to component C3 of the model from emission of this region. In any case, due to its large off-axis contribution of C3' would be subdominant. For the sake of simplicity here we have assumed that magnetic field direction and rotation axis coincide. This may not be true.
kilonova (Fong, et al. 2013; Oates, et al. 2009 ). On the other hand, no other GRB is followed up for as long as GW/GRB 170817A. Therefore, we do not know how uncommon is the brightening of afterglows up to Á T`200 days.
Afterglows of GRBs up to few thousands of seconds are most probably a superposition of weak internal shocks in what remains from the relativistic jet after the main prompt shock and emission from external shocks (Willingale, et al. 2006) . We should remind that a highly relativistic jet follows closely the prompt photons and the delay between their arrival to external material in general must be short -of order of few tens of seconds for ultra-relativistic jets and typical distances to circumburst material. The delay between the prompt and onset of afterglow emission -assuming a narrow prompt spike -is ∆t " R ISM {2cΓ 2 , where R ISM is distance at which the jet encounters the ISM or circum-burst material, c is speed of light, and Γ is the Lorentz factor of jet after prompt shocks.
Our simulations show that in the case of GW/GRB170817A the slow rise of the afterglow is due to low density of ISM/circum-burst material and low column density of the jet. The weakness of the jet was in part due to intrinsically low density and low Lorentz factor of polar ejecta -at least in our direction -and in part the result of large distance of surrounding material from center, that is " 1000 AU (see Table 1 ) rather than e.g. " 100 AU for the termination shock in solar system or " 200 AU for recently detected NIR emitting material around the isolated neutron star RXJ0806.4-4123 (Posselt, et al. 2018) . We remind that the early suggestions about off-axis view and brightening of afterglows when the jet is dissipated and its content scattered to our line of sight, is not consistent with relatively early break of light curves in all three energy bands after " T`110 days. It is however cautious to consider that our conclusion about the effect of distance may be somehow biased and correlated to spatial resolution of our simulations, because as Table A1 shows, the width of synchrotron emitting region is defined as a fraction of initial distance of the shock from central source. Nonetheless, estimation of shock distance for this GRB in the literature and for other GRBs with independent methods, such as cooling of thermal emission (Olivares, et al. 2012) show that the range of distances obtained from simulation of GRBs with the code used here are realistic (Ziaeepour & Gardner 2011) .
A slow brightening is not a shared property of all short GRBs. Indeed, some short bursts such as GRB 070724A (Ziaeepour, et al. 2007 ) and GRB 070809 (Marshall, et al. 2007 ) have an early X-ray light curve similar to long GRBs. They include an early steep decline and a plateau, which according to 2-component model of (Willingale, et al. 2006 ) is a combination of emission from both late weak internal and external shocks peaking at a few thousand of seconds after trigger. According to above arguments, in these cases earlier peak of X-ray afterglow indicates shorter distance to ISM/circumburst material and thereby a denser jet.
In summary, we conclude that early X-ray afterglow of GW/GRB 170817A at À T`10 5 sec had to be faint and dominated by weak internal shocks and declined quickly. A consequence of this conclusion, which unfortunately due to the lack of data cannot be verified, is that claimed excess of UV emission at " T`1.6 days (Smartt, et al. 2017; Covino, et al. 2017; Cowperthwaite, et al. 2017 ) was indeed from kilonova rather than the afterglow of GRB 170817A.
Material surrounding BNS
In the phenomenological model of (Ziaeepour 2009; Ziaeepour & Gardner 2011 ) the density of circumburst material and its variation with distance are defined by parameters n 1 and κ, respectively. Table   1 shows that κ ‰ 0 and n 1 is not the same for all components of the model. This is probably an evidence that circum-burst material was not only the ISM, which a priory should be independent of the merger and approximately uniform. Thus, additional material should have been present.
The origin of circum-burst material and its properties can be traced back to evolution of progenitor neutron stars. In young neutron stars and pulsars the distance to wind Termination Shock (TS)
9 E{p4πηP q where 9 E is the change in the rotational kinetic energy and P is average pressure in the wind nebula surrounding the neutron star (Slane 2017) . After initial expansion of nebula and establishment of an approximately steady state condition pressure inside the nebula is balanced with the ISM pressure and extension of pulsar nebula is stabilized to R T S " Op0.1q pc ( In conclusion, diversity of short GRB afterglows reflect age, history, and environmental differences of progenitor neutron stars. In the case of GW/GRB 170817A we notice that n 1 is much smaller than typical values predicted for young neutron stars/pulsars (Slane 2017) . This means that the progenitor stars were most probably old and had lost most of material they had ejected during their youth. This conclusion is consistent with analysis of the prompt gamma-ray of this transient (Ziaeepour 2018a ).
The relatively large distance of circum-burst material may have several reasons. But with available information about progenitors it is not possible to pin down the main causes.
In this work we found a 3-component model presenting a structured relativistic jet which its collision with circum-burst material at a distance of " 1000 AU generated observed afterglows of GW/GRB 170817A. It reproduces radio, optical/IR and X-ray light curves, photometric spectrum of afterglows, and allows to understand physical conditions around the progenitor BNS just before and after their merger.
In particular, the model shows that a small fraction of the prompt ultra-relativistic jet had survived internal shocks and in a large extend preserved its internal coherence up to a distance of " 10 16 cm from central source, where it collided with surrounding material. Other components, which their emissions are dominantly in low energies, are interpreted as approximately presenting side lobs/cocoon of the structured jet. Moreover, despite oblique view of the jet, our line of sight passed through the ultra-relativistic core of the jet.
We identified the relatively long distance of circum-burst material from merger, its low density, as well as low density of the jet, which might have been due to extended expansion up to larger distances than typical short bursts, as main reasons behind the slow rise of the afterglows. Considering observed orbital inclination of the BNS, superluminal motion of the radio counterpart, and results of jet acceleration simulations, we concluded that our line of sight was at least few degrees and at most " 27˝off-axis. (Ziaeepour & Gardner 2011; Ziaeepour 2018a ) for more details. r 0 (cm) Initial distance of shock front from central engine. ∆r 0 Initial (or final, depending on the model) thickness of active region. p Slope of power-law spectrum for accelerated electrons; See eq. (3.8) of (Ziaeepour & Gardner 2011) . p 1 , p 2 Slopes of double power-law spectrum for accelerated electrons; See eq. (3.14) of (Ziaeepour & Gardner 2011) . γcut
Cut-off Lorentz factor in power-law with exponential cutoff spectrum for accelerated electrons; See eq. (3.11) of (Ziaeepour & Gardner 2011) . Γ Lorentz factor of jet with respect to far observer. δ Index in the model defined in eq. (3.29) of (Ziaeepour & Gardner 2011) .
Ye
Electron yield defined as the ratio of electron (or proton) number density to baryon number density. ‹ The phenomenological model discussed in (Ziaeepour 2009 ) and its simulation (Ziaeepour & Gardner 2011) depends only on the combination Ye e. For this reason only the value of this combination is given for simulations.
‹ The model neglects variation of physical properties along the jet or active region. They only depend on the average distance from center r, that is r´r 0 9t´t 0 .
‹ Quantities with prime are defined with respect to rest frame of slow shell, and without prime with respect to central object, which is assumed to be at rest with respect to a far observer. Power indices do not follow this rule.
